Purpose. Health-care providers invest substantial resources to establish and implement hospital quality management systems. Nevertheless, few tools are available to assess implementation efforts and their effect on quality and safety outcomes. This review aims to (i) identify instruments to assess the implementation of hospital quality management systems, (ii) describe their measurement properties and (iii) assess the effects of quality management on quality improvement and quality of care outcomes.
Introduction
Considerable progress has been made in assessing the quality of care and implementing a wide range of quality improvement strategies such as accreditation systems, organizational quality management programmes, clinical audit, patient safety systems, clinical practice guidelines, quality improvement collaboratives, performance indicators and systems for getting patient views [1, 2] . Nevertheless, quality and safety problems persist and the debate on how to accelerate and sustain quality improvement is more relevant than ever [3] [4] [5] [6] . In response to persisting quality and patient safety concerns, the pressure on hospitals to report their approach to ensure quality is increasing [7, 8] .
Quality management systems (QMS) are a prerequisite for the homogeneous and systematic application of quality improvement activities throughout smaller organizational units [9] . While comprehensive assessment frameworks and external quality standards are widely employed, concise instruments (defined as psychometrically validated surveys, self-assessment manuals or other measurement tools) that map the stage of quality management system implementation are less easily recognized. Examples of such instruments are the EuropeanQuality Improvement Strategies (MARQuIS) classification model for quality improvement systems [11] . Wider application of such instruments, if they are valid and reliable, could inform managers about deficits in their quality management systems and demonstrate to stakeholders the hospital's efforts to improve quality and safety [12, 13] . They could also ensure that quality improvement actions are properly conducted, appropriate to context and have an impact on clinical practice and quality of care outcomes [14] .
Yet, considerable uncertainty exists with respect to how health-care organizations implement quality improvement strategies, how comprehensive and effective their approach is and to what extent this impacts on patient level outcomes [15, 16] . Therefore, we conducted a systematic review of the literature to (i) identify instruments measuring quality management systems, (ii) describe their psychometric properties and (iii) assess the effects of quality improvement activities, as measured by the instruments, on quality improvement and quality of care outcomes.
Methods Definitions
Quality management systems are defined as a set of interacting activities, methods and procedures used to direct, control and improve quality of care [9] . Quality improvement is aimed at increasing effectiveness and efficiency of distal (management oriented) and proximal ( patient-oriented) care processes in order to reach better outcomes for patients [17] . Quality of care outcomes are defined to cover measures of clinical effectiveness, patient safety and patient-centeredness [18] .
Search strategy
Databases. A systematic literature search from 1990 to 2011 was performed in May 2011. The first step of the search was limited to titles only, no language limitations were applied. The following five electronic databases were searched: PubMed, CINAHL, EMBASE, Cochrane Library and Web of Science. We used snowball strategies, screened the reference list of eligible papers and contacted experts (see the section Acknowledgements) in the field to identify additional instruments, including unpublished and grey literature.
Search terms. We developed a Boolean search strategy for PubMed incorporating truncated search terms and potential synonyms (Table 1 ). This search strategy was fine tuned for the other four databases. In addition, for PubMed we applied a more sensitive filter that was developed by Terwee to better capture measurement instruments [19] .
Study selection
Inclusion criteria. Studies were selected if they complied with each of the following criteria: focusing on quality management systems or quality improvement implementation; addressing 
Table 1 Generic search terms with Boolean connectors (with truncation)

Construct
Boolean operator AND AND
Measurement instrument Population Tool
Quality management systems OR -Clinical governance -Quality assurance -Quality system -Improvement strateg* -Quality improvement
In PUBMED the symbol '*' denotes the preceding word combined with any letters to follow, e.g. 'Method*' reflects 'Methods', 'Methodology', 'Methodologies', etc. Limits: date from 1990; field: title.
the development or application of a measurement instrument and referring to the hospital setting. Only original research papers were included.
Exclusion criteria. We excluded papers that addressed generic improvement models not targeted at the health-care sector (such as lean or six sigma models), focused solely on hospital quality outcomes rather than quality systems and strategies, exclusively addressed individual quality and safety strategies (such as strategies to improve hand hygiene in hospitals), and that addressed generic and large-scale quality assessments (such as ISO, EFQM or accreditation systems) without assessing their implementation using dedicated evaluation tools. Moreover, we excluded search returns that dealt with specific services such as psychiatric care, transplantation services or hospital laboratories.
Screening process. Two reviewers (O.G. and D.B.) performed each step of the screening process independently, a third reviewer (C.W.) handled disagreements The screening process entailed five steps. First, the results from the databases were checked for duplicates. Using Reference Manager © these duplicates were deleted. In the second and third steps, the titles and abstracts were screened. These two steps were performed using the support of a custom-made web-based screening tool to make the screening process more efficient. Full texts were collected from the studies that were selected after the abstract screening. The fourth step comprised full-text selection. Before continuing to data extraction, for the fifth step of the screening process, additional studies that were recommended by experts and were not found during the search strategy, as well as relevant studies that were identified in the reference lists of included studies, were collected and screened according to step four.
Data extraction
We developed a standardized Excel sheet for data extraction from the included studies. The development of this sheet was informed by criteria for the assessment of measurement instruments and by quality improvement theory. For the former, we based our data extraction sheet following recommendations for the reporting of measurement properties of questionnaire-based outcome measures [20] . First, basic characteristics of the included studies were collected (author and year, country, setting, definition focus, respondents, survey administration, sampling frame and response rates). Secondly, a detailed information on the development of the measurement instruments and their psychometric properties was obtained. These properties concerned item generation and response scales, testing for psychometric properties (reliability, validity and scoring), and the domains of the instrument. To identify common measurement domains, we conducted a simple thematic content analysis [21] and identified themes that recur in various instruments. We extracted data essential from the viewpoint of quality improvement theory, such as the sensitivity to context of the measure (legal, regulatory, organization type). Last, if available we collected information on the effect size on (1) systematic deployment of quality improvement strategies throughout the organization, (2) efforts to sustain quality improvement actions and (3) patient level outcome measures. A full list of the data extraction criteria is presented in Appendix 1.
All data were extracted by alternating pairs of authors (C.W., D.B., M.A.L., O.G. and R.S.). Each pair covered 30-40% of the selected studies, whereas one author (O.G.) covered 100% in order to attain an overview of all the included studies. Subsequently, results were compared within each pair, and in case of any discrepancy reconciliation was made through discussion or by a third author (O.G.). The data extraction sheet was piloted and refined after piloting. Results of the review are reported according to the PRISMA statement [22] .
Assessment of methodological quality
We assessed the methodological quality of the included studies using the appraising tool from Hawker et al. [23] (Appendix 2), as it is appropriate for mixed methods research (e.g. qualitative methods to develop a questionnaire and quantitative methods to determine its reliability and validity). We used eight items instead of nine items in the original tool because the item on ethical approval did not apply to our studies. Of each item (A-H) we could determine its quality (1 = good; 2 = fair; 3 = poor; 4 = very poor). The overall methodological quality was determined based on the average score over the eight items (1.00-1.49 = good; 1.50-2.49 = fair; 2.50-3.49 = poor; 3.50-4.00 = very poor).
Results
After initial assessment, the Terwee filter for the identification of measurement studies developed for PubMed was discarded as it proved too sensitive. Figure 1 shows the results of the screening process. Our search using the conventional search terms as described above yielded 5261 references across five databases. After elimination of duplications and screening for eligible and non-conclusive abstracts, this list was reduced to 2673 and 26 references, respectively. After full-text review of these 26 manuscripts, 16 additional papers were identified through a snowball search of reference lists and consultation with experts. Eventually, 18 studies fulfilling all inclusion-and exclusion criteria were included in this review [9, 11, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] .
Characteristics of included studies
The included studies are summarized in Table 2 . Since the first study published in 1992, publication on quality management systems has accelerated in the last 5 years. The majority of studies were conducted in Europe (n = 10), followed by North America (n = 4) and other regions of the world (n = 4) demonstrating that research on quality management systems is a global interest. While most of the research focused on general hospitals in the public sector, some studies focused on university hospitals [29, 39] or addressed other health-care organizations in addition to hospitals [9] . Fifteen of the 18 studies included large-scale assessments of quality management systems in a geographically defined region or country [9, 11, 25-27, 28, 31, 34, 35-39] . Two studies were smaller multi-centre [24, 29] or single-center [30] studies. Five studies applied a random or quasi-random sample [11, 27, 31, 32, 35] , eight studies reported recruiting the whole population of hospitals [9, 25, 26, 28, 34, [36] [37] [38] , one study used a stratified sample [33] and the remaining used purposeful or convenience samples, or did not specifically report on the sampling procedure.
The key focus of the studies was to assess the implementation of quality improvement activities in hospitals, to assess attitudes towards the implementation of such activities among professional staff, to assess empirically the links in the structure-process-outcome chain as has been postulated by Donabedian or to identify predictors of hospital performance associated with the implementation of quality improvement activities. In the majority of studies (n = 13) respondents were high-level decision-makers such as chief executive officers, quality managers or department heads.
Instrument development, psychometric properties and methodological quality
Quality management systems were mostly operationalized following Donabedian's approach on the relationship between structures, processes and outcomes. Studies drew broadly on the literature, existing quality models (such as Malcom Baldridge Quality Award, the European Foundation for Quality Management Model, National Accreditation Standards, Leapfrog Group, Institute for Health-Care Improvement Model for Improvement), specific research on quality management models and implementation and quality management theory (Table 3) [40, 41] . The number of items in the measures under review ranged from 17 to 179, with a median of 45 items. None of the studies involved service end users in the development of the tools. Data are mostly derived from individuals or groups verifying facts, or sharing perceptions regarding the implementation of quality improvement strategies, while one included objective measurements [36] .
Psychometric testing of the measures was more common and detailed in the last 10 years [25, 29, 30, 35, 39] . The most common approach to validity testing was factor analysis of the internal structure of the measures, thus providing information on construct validity. Content validity was ensured widely by involving experts and clinical leaders in the design of the instruments. Formal assessments of reliability were mostly limited to assessments of internal consistency using Cronbach's alpha. Weber [39] Not reported in this article Not reported in this article 4 domains were assessed: (1) The current quality structure, (2) information about the 'lead' quality department, (3) redesign of the quality structure and (4) an opinion questionnaire about their quality model Parker et al. [35] Overall, 72 items were generated. The QI implementation measure (42 items) was conceptually based on criteria related to the Malcolm Baldridge Award. Respondents were asked to indicate the extent to which they agreed to given statements The measure for top management commitment measure (10 items) was not explained. The measure for organizational culture (20 items) was the Zammuto-Krakower Culture Inventory. The first two measures used a 5-point Likert scale, in the third measure the respondent was asked to distribute 100 points among descriptions Reliability and validity of this instrument were not reported in this article, but reference to previous testing is made 3 domains were assessed: (1) Degree of quality improvement implementation, (2) Top management commitment and (3) Organizational culture; The quality improvement implementation consisted of 5 categories: (1) role of managers, Kunkel et al. [32] The questionnaire includes 18 items, based on results from a previously performed interview study and pilot test. Items used a 7-point scale (1='to a low degree', 2 = ' to a high degree') to reflect existing quality structures, processes and outcomes Psychometric testing includes exploratory factor analysis (3 factors confirmed), confirmatory factor analysis results demonstrated good construct validity and structural equation modelling. All relationships were significant among factors. Cronbach's alpha reliability coefficients were 0.8 or higher for all factors Based on Donabedian there were 3 domains: (1) structure, (2) process and (3) outcome Sutherasan et al. [37] 76 items were generated based on a literature review and interviews with quality management experts. A first draft of the questionnaire was peer reviewed by 4 researchers. (5) interaction and participation (7 items), (6) support and recognition (6 items), (7) cooperation and participation (6 items) and (8) monitoring the results(5 items) Cohen et al. [27] 173 items were generated based on a review of the literature and a review of current quality improvement models, national initiatives, including IHI and Leapfrog group. Items are mostly scaled to express agreement with the existence of quality improvement mechanisms and activities Detailed psychometric testing is not reported in the article as it mainly reports on individual ítems
(1) Hospital commitment to QI, (2) quality practices and processes, (3) staff involvement and training in QI, (4) Factors based on theory confirmed in a forced-factor analysis by weighting questions on PDCA. Secondly, correlations between factor loadings are reported (0.30-0.82), followed by hypothesis testing using groups in either first or last quartile. Assessment of internal consistency yields Cronbach's alpha for each of the seven scales, ranging from 0.54 to 0.89. Inter-rater reliability (self-report and audit for selected questions and hospitals) was assessed yielding 76.3% agreement. Individual domains are not weighted but individual items are weighted according to PDCA. Calculation of mean score for each domain and an overall mean score from 1 (most mature) to 4 (least mature)
Seven Dimensions (theoretical grouping): (1) Policy planning and documents (20items), (2) leadership (36 items), (3) structure (19 items), (4) general QI activities (8 items), (5) specific QI activities LABS (20 items), (6) patient involvement (6 items) and (7) accountability (4 items) Briner et al. [26] 28 items of clinical risk management were identified based on literature reviews and expert panel. A draft version of the questionnaire was discussed with clinical risk management practitioners in major Swiss hospitals. Different answer categories were used: 4-point Likert scale (1= not at all true, 4 = true), 3-point rating scale (yes/planned/no), 5-level development stage (1 = precontemplation, 5 = maintenance stage), 5-point rate for diffusion (1 = true for all services, 5 = not true for any services). Mostly asked for verifying facts, and only a few items asked for opinion
The questionnaire was validated by comparing its items and the responses in interviews with CRM experts
The monitoring instrument contained three sections: (1) implementation and organizational integration of clinical risk management (CRM) (8 items), (2) strategic objectives and operational implementation of CRM (13 items) and (3) overview of CRM in different services (7 items) Specchia et al. [36] A total number of 179 items was identified. First a systematic review of scientific literature was performed, best practices were identified and questions were formulated to assess these selected practices. The questionnaire was validated in a pilot study A multi-disciplinary project team was established (6 physicians, 1 expert in governance, 1 software developer). The measure uses a combination of dichotomous and Likert-type and factual multiple choice questions Validity testing is not reported except a focus on content validity by extracted information from literature review and involving experts in instrument design. Internal consistency of the measurement scales takes values of Cronbach's alpha between 0.61 and 0.90. A score from 0 to 100 is then computed based on the area weight influenced by underlying evidence Generic criteria: (1) resources and services management, (2) learning culture, (3) research and development, (4) Information technology; Specific quality criteria: (5) Evidence based medicine, (6) accountability, (7) clinical audit, (8) clinical performance measurement, (9) appraisal and improvement of clinical activities, (10) health technology assessment, (11) quality systems, (12) risk management and (13) information, citizen's/patient's involvement One measure explicitly reported on weighting of individual items by assigning weights to response categories using the Plan-Do-Check-Act (PDCA) cycle [11] , otherwise, weighting was not reported. Only four measures reported on the burden of data collection in terms of administration time. This ranged from 30 min [9] to 90 min [36] . The assessment of the 18 included studies showed that 10 studies are of good methodological quality [9, 11, 26-28, 31-34, 37] , and 5 are of fair methodological quality [24, 25, 35, 36, 38] . Three studies appeared to be of poor methodological quality [30, 31, 39] ; conclusions from these studies should be interpreted with caution.
Domains of quality management in hospitals
After thematic content analysis some key domains emerged that are all in line with quality management and improvement theory (Box 1). Four of the studies [35] [36] [37] 42] operationalized organizational culture as a dimension of quality management, rather than a prerequisite. There was no common approach to conceptualizing information technology (IT) implementation as either a prerequisite for quality improvement implementation or as an integral component of quality management.
Implementation of quality management systems and effect size
Most measures were generic, although some included adaptations for different hospital departments [9, 11] .
QMS and quality improvement strategies. An assessment of spread (horizontal implementation of quality management throughout the organization) and deployment (vertical implementation from higher to lower organizational units) was generally not specifically operationalized in the measures, although some instruments may allow inferences on spread by assessing inter-departmental variances on quality improvement implementation. Sensitivity to change was reported explicitly for one measure [9] . However, this information was not reported in the original study but was conducted as research building on the original measure [42] . In the study by Lee et al. [33] , technical factors (IT implementation and scientific approach to measurement) were strong predictors of the implementation of quality management systems, followed by cultural factors (technical factors R 2 = 57.35, cultural factors = R 2 39.8).
Gauld et al.
[28] 11 items and 8 background questions were identified, based on a draft questionnaire that was peer-reviewed by 6 researchers and 10 medical
specialists and then pilot-tested among 22 medical specialists. The items are scaled on a 3-point scale Seven items were summed for each individual, and then averaged over all respondents from the same hospital to form the clinical governance development index. The clinical governance development index could range from 0 to 100% No domains were reported, only that there was a clinical governance development index QMS, quality management systems. 1 Wagner et al. [51] . Further details on the measure validation are referenced as follows: Miltenburg et al.
[52]. 2 Wagner et al.
[51]; Sluijs and Wagner [52] . 3 Wagner et al. [38, 51] ; Sluijs and Wagner [52] . Strategic planning accounted for much less variance in the data (strategic model R 2 = 7.84). Parker et al. [35] reported that better group/developmental culture (teamwork/innovative) and top management commitment in QI-related practices were found in hospitals with high quality improvement implementation when compared with low QI implementation. According to Kunkel et al. [31] , implementation requisites (adequate resources, expectations, staff competences and problem-solving capacity) had a significant effect on structure and process measures (structural equation model correlation coefficient 0.51, and 0.33, respectively).
QMS and outcome measures. Only four studies explicitly reported the effect of quality management systems on outcomes. Cohen et al. [27] reported a positive impact of subjective assessments of quality improvement activities on a range of manager-perceived outcomes, including patient care, staff member skills, patient satisfaction, productivity, length of stay, hospital-physician relation and physician-nurse relation. Lombarts et al. [11] reported a modest positive linear association between implementation level of quality management and quality improvement outputs, based on observations of actual practice such as patients wearing ID bracelets. In the study by Kunkel et al. [31] , a structural equation modelling approach was used to link quality improvement structures, processes and outcomes. The analysis yielded high coefficients for the relation between the structure and process dimensions (correlation coefficient: 0.72) but only small coefficients for the relation between process and outcomes (correlation coefficient: 0.20). However, outcome measurement was based on subjective assessment of respondents using the same questionnaire that was used to gather information on structures and outcomes, and thus subject to common methods bias. Macinati [34] assessed correlations between quality improvement dimensions and indices of hospital performance, the latter including financial performance, operational performance and outcome measures of performance. The strongest relation between hospital performance and quality management was found for the dimensions 'data utilization' and 'reporting' (correlation coefficient: 0.323, P < 0.01) and 'employee participation' (correlation coefficient: 0.316, P < 0.01). However, these associations were only detected using subjective outcome measures instead of objective outcomes (e.g. mortality rates) or measures of financial performance.
Discussion
Methodological quality of the instruments
The instruments featured in the 18 studies included in this review differed substantially in terms of methodological rigor. The lack of sampling criteria aiming at representative samples may limit the generalizability of the data reported for the instruments. Differential willingness to participate, high workload and few incentives to collect data may result in low response rates and limited external validity. Most measures rely on self-reported data of few respondents per organization without strong mechanisms to control for the quality of that data. Context or incentives may induce over-reporting when applying these measures into practice.
In some cases appropriate psychometric testing was performed. This is of particular importance where items are aggregated to form scores that are subsequently used in statistical modelling. Methodological quality of the older studies was fair or poor.
Operationalization of quality management systems
In reporting on QMS, some studies simply reported on survey results without aiming at developing composite measures of QMS implementation. Other studies focused on identifying the underlying constructs of quality management systems. Ceiling effects on overall scores were rare. We observed higher degrees of implementation for formal structures and responsibilities regarding infection control, than others, such as involving patients in designing quality improvement interventions or addressing the needs of chronically ill patients). Low performance on QMS measures may reflect insufficient implementation of quality improvement activities, procedures and guidelines. No single factor accounts for the variance associated with the implementation of QMS. Rather, a combination of leadership, monitoring and professional involvement characterizes implementation, influenced further by the quality-orientation of hospital boards, professional engagement in quality governance and organizational culture [43] [44] [45] .
Relationship between quality management systems and outcomes
Only a few instruments explicitly linked quality management constructs to outcomes, either perceived, factual or clinical [11, 27, 31, 33] . The result of these studies, in general, is that this link is weak. The methodological complexity of QMS attributing to outcomes is well established. It concerns the attribution of QMS to specific quality improvement activities, which in turn modify clinical activities and eventually alter patient level outcomes [17, [46] [47] [48] [49] . Demonstrated variations in hospitals' uptake of evidence-based quality improvement interventions and persistent quality and safety concerns warrant further investigation of this link.
Future research on quality management systems
This review has shown that various instruments exist to assess quality management systems which unify some commonly accepted domains of quality management in hospitals. The majority of the existing instruments, however, have substantial methodological weaknesses making them unsuitable for large-scale comparative research. Moreover, embedded in many instruments is the assumption that enforcing a certain quality management policy and activity will lead to the desired effect, while ignoring the context that shapes the uptake, implementation and effectiveness of the very quality management interventions. Future research should focus on establishing the causal link between distal factors (management strategies) and quality and patient safety outcomes. This seems essential given the large amount of resources dedicated to organizational quality management interventions in health care, the anticipation that these lead to improved outcomes and the realization, essentially, that this link has actually not yet been sufficiently demonstrated.
Limitations of this review
This review has a number of limitations. Research on quality management systems is poorly indexed, thus making it difficult to perform a sensitive and specific search. This is further complicated by diverse disciplines being involved in QMS measure development ( psychology, sociology, clinical epidemiology, health service research, health policy) that result in different keywords and publication strategies. We searched for the grey literature and retrieved secondary texts referring to an instrument that was already included in the review [50] [51] [52] [53] . Given our broad search strategy, including data retrieval across a wide range of data bases, multiple languages, manual review of the bibliography of retrieved articles and access to the key experts on the topic that provided further input, we are confident that the most relevant research articles were captured. Lastly, our data extraction was more ambitious with respect to psychometric characteristics but unfortunately this was not reported to recommended standards in the literature [20] .
Conclusion
Instruments to assess the implementation of quality management systems share a core set of domains (e.g. process management, the role of human resources and leadership and analysis and monitoring), although details of conceptualization and methodological rigor differed substantially. The absence of well-established instruments to measure quality management systems and the methodological shortcomings of existing instruments call for further research. Such research should also investigate the contextual factors shaping uptake, implementation and effectiveness of quality management.
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